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Background— Psoriasis, especially when severe, Is a risk factor for cardiometabolic disease beyond traditional risk factors. The 
mechanism of atherogenesis in psoriasis remains unknown. Cell membrane vesicles (ie, microparticles), released upon cell 
activation or apoptosis, have recently been associated with cardiometabolic disease and may play a pathogenic role. Microparticle 
levels, particularly from endothelial cells and platelets, are elevated in patients with cardiovascular disorders, metabolic syndrome, 
other inflammatory diseases, autoimmune conditions, and have been shown to be predictive of cardiovascular outcomes. 

Methods and Results — Concentrations of microparticles with positive expression for any of 7 cell surface markers (Annexin V, 
CDS, CD31, CD41a, CD64, CD105, and CD144) were measured in blood samples from psoriasis patients (n=53) and control 
subjects without psoriasis (n=41). Platelet-free plasma was separated from whole blood by one-step centrifugation for 
microparticle analysis. Microparticles were fluorescently labeled and characterized by flow cytometry. Higher concentrations of 
CD105 (5.5/nL versus 2.5/^1, P<0.001), CD31 (31/^1 versus 18/^1, P=0.002), CD41a (50/nL versus 22/^1, P<0.001), and 
CD64 (5.0/|iL versus 4. 1/|iL, P=0.02) singly positive microparticles corresponding to endothelial cell-, platelet-, and monocyte/ 
macrophage-derived microparticles, respectively, were found in psoriasis patients compared with controls. These differences 
persisted after adjustment for traditional cardiometabolic risk factors including body mass index. 

Conclusions — Increased microparticle concentrations, independent of cardiometabolic risk factors, in patients with psoriasis 
suggest that the presence of increased endothelial cell, platelet, and monocyte/macrophage activation with cell turnover may 
contribute to the heightened atherogenesis associated with psoriasis. (J Am Heart Assoc. 2014;3:e000507 doi: 10.1161/ 
JAHA. 11 3.000507) 
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Microparticles (MPs) are membrane vesicles of 0.1 
to 1 \im in diameter generated from budding of the 
cell membrane. They contain nucleic acids, proteins, and 
other antigens from their cells of origin. These extracellular 
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vesicles are not inactive byproducts of damaged cell mem- 
branes but rather contributors to vascular pathology including 
inflammation, thrombosis, vascular reactivity, and angiogen- 
esis.^'^ Leukocyte-derived MPs contain bioactive proteins 
such as interleukin 1, CD40 ligand, and intercellular adhesion 
molecule 1 (ICAM 1), which activate endothelial cells. "^'"^ 
Inflammation is also facilitated when MPs deliver arachidonic 
acid from activated circulating cells to the endothelium, 
which, in turn, leads to the adhesion and diapedesis of 
monocytes.^ Several types of MPs including leukocyte-derived 
MPs are present in atherosclerotic plaque.*'^ Leukocyte- 
derived MPs are part of the pathological process of unstable 
atherosclerotic plaques and are thought to contribute to 
plaque rupture and subsequent myocardial infarction or 
stroke.^ In addition to atherosclerosis,' MPs are elevated in 
other chronic inflammatory conditions such as systemic lupus 
erythematous (SLE) and rheumatoid arthritis (RA).^°'^^ 

Psoriasis is a chronic inflammatory disease of the skin, 
which is associated with several cardiometabolic diseases 
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including obesity, dyslipidemia, diabetes, vascular inflamma- 
tion, and major adverse cardiovascular events. Indeed, 
patients w/ith more severe psoriasis have a shortened lifespan 
compared to those without psoriasis, and this is largely 
attributed to cardiovascular disease;^" how/ever, the underly- 
ing mechanisms of this link are poorly understood. 

The inflammatory hypothesis of atherogenesis suggests 
that chronic inflammation accelerates atherosclerosis through 
repetitive vascular injury, and MPs may be involved in this 
process. Given that chronic inflammatory diseases such as 
SLE and RA are associated with increased production of MPs, 
it is likely that MPs are also elevated in patients with psoriasis 
considering that psoriasis is associated with increased 
immune activation, high epidermal cell turnover, and 
increased angiogenesis.^^ 

Two small studies have observed an increase in endothelial 
cell- and platelet-derived MPs in patients with psoriasis. ^^'^^ 
These studies were important initial contributions to under- 
standing MPs in psoriasis; however, they were methodolog- 
ically limited in MP detection by using ELISA-based assays^^ 
and did not adjust for confounding variables known to 
modulate MPs such as cardiometabolic risk factors. There- 
fore, the aim of our study was to use a more rigorous method 
of MP detection using high-dimensional flow cytometry to 
measure and characterize circulating MPs in a well-pheno- 
typed group of patients, thus enabling adjustment for 
cardiometabolic risk factors. We hypothesized that circulating 
plasma MPs are elevated in patients with psoriasis even after 
adjustment for cardiometabolic factors, and that the surface 
markers of these MPs are consistent with cells involved 
in atherogenesis, eg, monocytes/macrophages, endothelial 
cells, and platelets. 

Methods 

Study Design and Participant Protection 

A cross-sectional study was performed to compare micropar- 
ticle levels between patients with and without psoriasis. The 
study was approved by the University of Pennsylvania 
institutional review board, and informed consent was obtained 
from all subjects. 

Study Population 

Forty-one healthy control subjects and 53 patients with 
psoriasis were included in the study. Healthy subjects were 
recruited from the Philadelphia area and were excluded if they 
were active smokers or had hypertension, hyperlipidemia, or 
diabetes. Psoriasis patients were recruited between Septem- 
ber 2011 and January 2012. Diagnosis of psoriasis was 
confirmed clinically by a dermatologist. Psoriasis severity was 



measured by percent of body surface area (BSA) involved. 
Age, sex, height, weight, total cholesterol, low-density 
lipoprotein (LDL), high-density lipoprotein (HDL), triglycerides 
(TG), blood pressure, heart rate, and smoking status (never, 
past, current) were assessed on the date of recruitment for all 
subjects. Body mass index (BMI) was calculated using height 
and weight measurements. Psoriasis patients were further 
assessed for presence of diabetes, history of hypertension, 
use of anti-hypertensive medication, use of lipid-lowering 
medication, presence of psoriatic arthritis, and psoriasis 
treatment (topical, ultraviolet light, oral systemic, and/or 
biologic treatment). 

Measurement of Microparticles 

All samples were obtained, prepared, and stored as follows: 5 
mL of venous blood were withdrawn using a 21G needle and 
collected in citrated tubes after discarding the first 1 mL of 
blood. Within 2 hours of collection, blood was centrifuged at 
2500^ for 15 minutes at room temperature to prepare 
platelet-poor plasma (PPP). The PPP was then collected, 
aliquoted, and stored at — 80°C. 

Reagents 

FITC-Annexin V (Catalog No. 556570), PE-CD144 (Catalog No. 
560410, clone 55-7H1), PerCP-Cy5.5-CD64 (Catalog No. 
561 194, clone 10.1), AF647-CD105 (Catalog No. 561439, 
clone 266), APC-H7-CD41a (Catalog No. 561422, clone HIPS), 
and V450-CD3 (Catalog No. 560365, clone UCHT1) were 
purchased from Becton Dickinson. PE-Cy7-CD31 (Catalog No. 
3031 18, clone WM59) was purchased from Biolegend. 
Calibrator beads, 0.3 |.im (Catalog No. LC-3) were purchased 
from Sigma. Calibrator beads, 1 |.im (Catalog No. BCP-10-5) 
and 3 ^m (Catalog No. BCP-30-5) were purchased from 
Spherotech. The antibodies were double-filtered before label- 
ing with a 0.1 |.im low protein-binding filter (Millipore, Cat# 
SLVV033RS). Aliquots of 25 |iL of each sample were stained, 
after which 2.5 ^L of 3.0 ^m beads (equivalent to 25000 
beads) was added to each tube as reference counting beads. 
Annexin Buffer (10 mmol/L Hepes, pH 7.4, 140 mmol/L 
NaCI, and 2.5 mmol/L CaCl2) was added to each tube to 
make the total volume 250 |iL. The Annexin Buffer was 
double-filtered by a 0.22 |im filter followed by a 0.1 |im filter. 

Flow Cytometry 

Samples were analyzed on a Special Order Research Product 
BD Biosciences FACS Canto A. The cytometer was calibrated 
daily with Cytometer Setup and Tracking (CS&T) Beads (BD) 
using Diva Software version 6.1.2. Forward and side scatter 
threshold, photomultiplier tube voltage, and window extension 
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were optimized to detect sub-micron particles. For eacli day 
that samples were analyzed, 1 tube containing only 0.3, 1, 
and 3-|im polystyrene size calibration beads was run at a fixed 
concentration. Area, height, and width forward scatter (FSC) 
and side scatter (SSC) parameters were analyzed and side 
scatter width (SSC-W) was found to best resolve the beads. 
The following instrument settings were used for data acqui- 
sition: threshold SSC 200; window extension 0.2; FSC voltage 
200 V, SSC voltage 350 V; FSC and SSC in log scale. The 
acquisition was stopped when a fixed number of 3.0 |im 
beads (usually 20 000) were counted. Compensation tubes 
were also run using PPP, BD CompBead (BD Bioscience Cat# 
552843), and were stained using the same reagents as were 
used in the sample tubes. For each sample, data were 
acquired simultaneously for all 7 reagents listed above 
(Annexin V, CD3, CD31, CD41a, CD64, CD105, and CD 
144) enabling the determination of any combination of marker 
expression for each individual microparticle. Moreover, a 
recorded event was considered to be a microparticle if and 
only if the following applied: (1) its SSC-W signal was less than 
that of the 1.0 |.im size reference particles; and (2) it 
positively expressed at least 1 of the 7 fluorescent markers 
in the staining panel. 

Microparticle number per ^iL of blood was calculated 
according to the following formula: 

^ _ A/p ^ 25000 beads 
^ A/b 25^L plasma 

where Cp is the microparticle concentration (particles per 
plasma), A/p is the number of microparticles enumerated in a 
subset, and A/b is the number of reference counting beads 
counted in the sample. Samples were randomized into 2 
batches, and each batch was prepared and analyzed within a 
single session on the flow cytometer. 

Flow Cytometry Data Analysis 

Analysis of the flow cytometry data was carried out using 
custom analysis programs written in the R Statistical 
Programming Environment^'* and using the Bioconductor 
open source software package flowCore.^^ For each of the 
2 batches of samples, size calibration samples were run and 
SSC-W thresholds corresponding to the 1.0 ^m beads were 
computed and applied to all samples within the batch. To 
determine positive expression of each of the 7 markers in 
the panel, all samples in a batch were aggregated, and 
the probability distributions of each of the 7 markers for the 
aggregated samples were examined. The Annexin V, CD31, 
and CD41a markers were bimodally distributed, indicating a 
clear distinction between positive and negative events. The 
other markers (CD3, CD64, CD105, and CD144) were 
unimodally distributed. For Annexin V, a kernel density 



estimate (KDE) of the probability density was computed, 
and the minimum between modes was found. For CD31 and 
CD41a, the Annexin V negative subset of events was used to 
compute the KDE and the minimum between modes was 
found. For the remaining markers, the KDE of the Annexin V 
negative distribution was computed, and the location where 
the KDE fell to 0.01 of its maximum was used as a fiducial 
point. From that point a small constant offset in biexponential 
coordinates was added to arrive at the threshold for positive 
expression. Each of these "zero-point" thresholds was 
adjusted for spillover due to the intensities of all other 
markers by adding a value proportional to the square root of 
the spillover coefficient multiplied by the observed intensity of 
each marker. Figure shows the positivity thresholds resulting 
from this procedure for one of the batches (the other batch 
was qualitatively similar). 

Characterization and quantification of the subcategories of 
MPs was performed using antibodies for select cell surface 
antigens to identify the cellular sources of the MPs. CD3 
positivity was considered to be representative of T lympho- 
cytes. CD31 positivity was used to identify a mixture of 
endothelial cells, platelets, and leukocytes. CD41a positivity 
was used as a more specific marker of platelets, and CD64 
positivity was considered a more specific marker of mono- 
cytes/macrophages. CD144 positivity was used to identify a 
pure population of endothelial cells, and CD 105 positivity 
identified activated endothelial cells. Annexin V positivity was 
identified regardless of the presence of other cell surface 
markers. Data presented for the remaining markers (CD3, 
CD31, CD41a, CD64, CD 105, and CD 144) represent MPs that 
are singly positive for each of these 6 markers and either 
Annexin V positive or negative. Therefore, CD31 positivity 
implies CD41a negativity and, in our presented data, identifies 
MPs of endothelial cell origin. 

Statistical Analysis 

Continuous data, with the exception of MP data, are 
presented as mean±standard deviation if normally distributed 
and as median with interquartile range (IQR) if not normally 
distributed. Normality of continuous variables was assessed 
using tests for skewness and kurtosis. Means between 2 
groups were compared using the 2-tailed, unpaired Student's 
f test. Medians between 2 groups were compared using the 
Wilcoxon rank-sum test. Qualitative data are presented as 
number of subjects with percentages. Frequencies between 
or among groups were compared using Fisher's exact test. 

Multivariable linear regression of log-transformed MP 
concentrations was used to assess the association between 
each MP concentration and psoriasis status. Any MP 
measurements of zero were replaced with 0.5 before log- 
transformation. All models were adjusted for age, sex, BMI, 
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Figure. Fluorescence gating strategy. IVlicroparticles were first gated on the Side Scatter Width signal at values less than or equal to the Side 
Scatter Width signal of 1.0 |im size reference beads. Positivity for each of the 7 markers in the panel was determined so as to take into 
account the spread of fluorescence due to spectral spillover. "Zero-point" thresholds (as described in the Methods section) were first 
determined and then variable adjustments proportional to the square root of the spillover signals were added to arrive at spill-adjusted 
thresholds (depicted as red curves) above or to the right of which an event was considered to positively express the indicated marker(s). The 
bivariate distributions shown are the aggregated data from the second of the 2 acquisition days (the first day was qualitatively similar). Thex 
axis of each panel represents Annexin V fluorescein isothiocyanate (FITC). The y axis of each panel represents the remaining 6 markers. 



systolic blood pressure (SBP), LDL, HDL, and triglyceride 
(TG) level, and smoking status (included in the model as 
former or never smokers since active smoking was an 
exclusion criterion for the healthy comparators) regardless 
of their statistical association with MP concentration and 
psoriasis status as these covariates have previously been 
show/n to have significant associations w/ith MP levels. Other 
measured potential confounders were not included in the 
multivariable model as they either were not significantly 
associated with MP concentration and psoriasis status 
(significance defined by P<0.1) or did not change the P 
coefficient of the other parameters by more than 10%. 
Model diagnostics such as assessment of residual normality 
were performed to confirm adherence to assumptions of 
linear regression. MP concentration is presented as the 
predicted and adjusted mean and 95% confidence interval 



(CI) as calculated from the multivariable linear regression 
model. The Benjamini-Hochberg procedure was used to 
adjust for multiple comparisons of 7 outcomes with 
significance defined as P<0.05 in 2-sided tests. Sensitivity 
analyses excluding psoriasis patients with hypertension and 
taking anti-hypertensive medication, with hyperlipidemia and 
taking lipid-lowering medication, with diabetes, and who 
were active smokers were also performed. 

Our study (n=53 versus n=41) provided >90% power to 
detect a difference in CD31+ microparticles between psori- 
asis and healthy subjects based on our hypothesis that we 
would observe differences similar to those in the published 
literature^^'^'^ after adjusting for cardiometabolic risk factors. 
Except when stated otherwise, P<0.05 was considered 
statistically significant. Statistical analysis was performed 
using STATA version 12.0 (StataCorp). 
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Results 

Subject Characteristics 

Fifty-three patients witli psoriasis and 41 control subjects 
witliout psoriasis were included in the study. The psoriasis 
group was older (median age 59 versus 49, P<0.001), 
consisted of a higher proportion of males (60% versus 37%, 
P=0.02), had higher BMI (median BMI 30 versus 24, P<0.001), 
and had higher SBP (median SBP 131 versus 123, P=0.006) 
than healthy subjects. All lipid measurements (total choles- 
terol, LDL, HDL, and TG) were also significantly higher in the 
psoriasis group compared with the control group (Table 1). 
Among psoriasis patients, prevalence of cardiometabolic risk 
factors was as follows: 26% with hypertension, 34% with 
hyperlipidemia, and 1 1% with diabetes. Clinical characteristics 
of the psoriasis patients included 54.7% with mild psoriasis (ie, 
BSA <3%), 28.3% with psoriatic arthritis, and 56.6% receiving 
oral systemic and/or biologic medication for treatment. 
Subject characteristics are detailed in Tables 1 and 2. 



Table 1. Characteristics of Study Population 



Variables 


Psoriasis (N=53) 
Median (lOR) 


Controls (N=41) 
Median (IQR) 


P Value* 


Male, N (%) 


32 (60.4) 


15 (36.6) 


0.037^ 


Age, y 


49 (35, 62) 


59 (55, 67) 


<0.001 


BMI 


29.7 (25.0, 33.8) 


23.8 (23.0, 26.2) 


<0.001 


SBP*, mm Hg 


131 (120, 141) 


123 (112, 130) 


0.006 


DBP*, mm Hg 


76 (72, 86) 


78 (72, 86) 


0.67 


Total cholesterol* 


189 (155, 216) 


211 (186, 226) 


0.025 


LDL* 


107 (76, 128) 


127 (117, 147) 


<0.001 


HDL* 


46 (41, 57) 


59 (49, 75) 


0.003 


TG* 


166 (99, 204) 


76 (45, 99) 


<0.001 


Smoking status*, N (%) 


Never 


31 (59.6) 


27 (65.9) 


0.82^'« 


Past 


14 (26.9) 


14 (34.1) 


Current 


7 (13.5) 


0(0) 


Hypertension, N (%) 


14 (26.4) 


0(0) 


N/A 


Diabetes, N (%) 


6 (11.3) 


0(0) 


N/A 


Anti-hypertensive 
medication, N (%) 


14 (26.4) 


0(0) 


N/A 


Lipid-lowering 
medication, N (%) 


18 (34.0) 


0(0) 


N/A 



BMI indicates body mass index; DBP, diastolic blood pressure; HDL, high-density 
lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein; SBP, systolic blood 
pressure; TG, triglyceride. 
*Wilcoxon rank-sum test. 
^Fisher's exact test. 

*Data for BMI, SBP, DBP, total cholesterol, LDL, HDL, TG, and smoking status were 
available for 49 to 52 (92.4% to 98.1%) subjects with psoriasis. 
^Test of "Never" and "Past" smokers only. 



Table 2. Psoriasis Cliaracteristics 



Characteristics 


Psoriasis (N=53) 
Frequency (%) 


Psoriasis extent by body surface area 


<3%, mild 


29 (54.7) 


3% to 10%, moderate 


21 (39.6) 


>10%, severe 


3 (5.7) 


Psoriatic arthritis 


15 (28.3) 


Psoriasis treatment* 


Topical only 


15 (28.3) 


Phototherapy 


8 (16.7) 


Oral systemic or biologic 


30 (56.6) 



* Percentages do not total 100% because some patients may be receiving more than one 
treatment. 



Microparticle Levels in Patients With Psoriasis 
and Control Subjects Witliout Psoriasis 

Of the 7 cell surface markers measured, patients with 
psoriasis were found to have significantly higher concentra- 
tions of CD105, CD31, CD41a, and CD64 singly positive MPs 
than healthy subjects in both unadjusted (data not shown) 
and adjusted analyses (Table 3). Among these MPs, concen- 
trations were greatest for CD31 (31 MPs/|iL; 95% CI, 24 to 
39) and CD41a (50 MPs/|iL; 95% CI, 39 to 63) positive MPs. 



Table 3. Adjusted* Analysis of Microparticles 



Microparticles* 


Psoriasis (n=42)* 
Mean (95% CI) 
count/nL 


Control (n=41) 
Mean (95% CI) 
counViiL 


P\la\ue^ 


Annexin V+ 


5994 (4479 to 8022) 


5208 (3948 to 6869) 


0.58 


CD3+ 


4.7 (3.6 to 6.1) 


5.0 (3.9 to 6.4) 


0.72 


CD31+ 


31 (24 to 39) 


18 (14 to 22) 


0.002 


CD41a+ 


50 (39 to 63) 


22 (17 to 28) 


<0.001 


CD64+ 


5.0 (4.4 to 5.5) 


4.1 (3.6 to 4.5) 


0.02 


CD105+ 


5.5 (4.4 to 6.7) 


2.5 (2.0 to 3.0) 


<0.001 


GDI 44+ 


0.31 (0.23 to 0.39) 


0.23 (0.18 to 0.29) 


0.15 



*Adjusted for age, sex, body mass index (BMI), systolic blood pressure (SBP), low-density 
lipoprotein (LDL) level, high-density lipoprotein (HDL) level, triglyceride (TG) level, and 
smoking history. 

^Characterization and quantification of the subcategories of microparticles (MPs) was 
performed using antibodies for select cell surface antigens to identify the cellular 
sources of the MPs. CDS identifies T lymphocytes; CD31, endothelial cells, platelets, and 
leukocytes (single positivity as presented above identifies endothelial cells); CD41a, 
platelets; CD64, monocytes/macrophages; CD105, activated endothelial cells; and 
CD144, pure endothelial cell population. 

"''MP data were complete for 42 (79.2%) of 53 psoriasis patients. Of these 42 patients, 3 
(7.1%) psoriasis patients had missing LDL, HDL and TG data; 1 (2.4%) patient had missing 
LDL data; and 1 (2.4%) patient had missing smoking history. 

Upvalues corrected for multiple comparisons using the Benjamini-Hochberg procedure. 
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Collectively, these data support the greater presence of 
endothelial cell-, platelet-, and monocyte/macrophage- 
derived MPs, respectively, in patients with psoriasis compared 
to control subjects, independent of age, sex, BMI, SBP, LDL, 
HDL, TG, and smoking status. Concentrations of Annexin V 
positive MPs were similar in psoriasis patients and control 
subjects. No significant associations between any of the MP 
concentrations and psoriasis disease severity as determined 
by BSA affected were identified (range of p coefficients —0.30 
to 0.15; each Pfor trend >0.05). 

Sensitivity Analyses 

Statistical analyses were repeated with only the "healthy" 
psoriasis patients by excluding any patients who were active 
smokers, had hypertension or diabetes, and were receiving 
anti-hypertensive or lipid-lowering medications (N=17). Con- 
centrations of CD105, CD31, and CD41a singly positive MPs 
in the "healthy" psoriasis patients remained significantly 
higher than those in the control subjects (Table 4). While 
CD64 singly positive MP concentrations also remained higher 
in "healthy" psoriasis patients than in control subjects, the 
difference was no longer statistically significant. MP concen- 
trations were also compared between patients with psoriasis 
only and patients with psoriatic arthritis, and no significant 
differences in MP concentrations between the 2 groups were 
found (data not shown). 



Table 4. Sensitivity Analysis*' 





Psoriasis (n=17)^ 


Control (n=41) 






IVIean (95% CI) 


Mean (95% CI) 




IVIicroparticles* 


count/|iL 


count/|jL 


/'Value" 


Annexin V+ 


7803 (4954 to 12 290) 


5208 (3993 to 6791) 


0.18 


CD3+ 


4.5 (3.0 to 6.8) 


5.0 (3.9 to 6.3) 


0.69 


CD31+ 


34 (22 to 49) 


18 (14 to 22) 


0.01 


CD41a+ 


70 (47 to 103) 


22 (17 to 28) 


<0.001 


CD64+ 


4.9 (4.0 to 5.8) 


4.1 (3.6 to 4.5) 


0.15 


CD105+ 


5.6 (4.0 to 7.8) 


2.5 (2.0 to 3.0) 


<0.001 


CD144+ 


0.32 (0.21 to 0.47) 


0.23 (0.18 to 0.29) 


0.20 



*Exclusion of psoriasis subjects with history of hypertension, diabetes, use of lipid- 
lowering medication, and current smoking. 

^Adjusted for age, sex, body mass index (BMI), systolic blood pressure (SBP), low-density 
lipoprotein (LDL) level, high-density lipoprotein (HDL) level, triglyceride (TG) level, and 
smoking history. 

■'■Characterization and quantification of the subcategories of microparticles (MPs) was 
performed using antibodies for select cell surface antigens to identify the cellular sources 
of the MPs. CDS identifies T lymphocytes; CD31, endothelial cells, platelets, and 
leukocytes (single positivity as presented above identifies endothelial cells); CD41a, 
platelets; CD64, monocytes/macrophages; CD105, activated endothelial cells; and 
CD144, pure endothelial cell population. 

^Data were complete for 14 (82.4%) of the 17 "healthy" psoriasis patients. 

"p values corrected for multiple comparisons using the Benjamini-Hochberg procedure. 



Discussion 

In this cross-sectional study, we demonstrate that endothelial 
cell-, platelet-, and, to a lesser extent, monocyte/macro- 
phage-derived MPs as identified by CD 105, CD31, CD41a, 
and CD64 singly positive MPs, respectively, are significantly 
elevated in patients with psoriasis compared with control 
subjects without psoriasis, independent of traditional cardio- 
metabolic risk factors. Our study confirms previous reports of 
increased circulating endothelial cell- and platelet-derived MP 
levels in patients with psoriasis^^'^'' and adds to those 
findings by adjusting for the presence of cardiometabolic risk 
factors such as age, sex, blood pressure, lipid levels, and 
smoking status that were not completely accounted for in 
prior studies. 

Human CD31+/platelet endothelial cell adhesion mole- 
cule (PECAM)-I is a surface marker expressed by mono- 
cytes, polymorphonuclear cells, endothelial cells, platelets, 
and a discrete population of circulating lymphocytes, all of 
which are important cellular components of atherosclero- 
sis.^* The potential significance of CD31 expression in 
atherogenesis and cardiovascular disease is also suggested 
by CD3rs function as an adhesion molecule receptor that 
facilitates leukocyte trafficking across the endothelial 
layer.^^ In fact, high CD31-positive MP levels have been 
reported to independently predict poor cardiovascular out- 
comes in patients with coronary artery disease. We 
identify the presence of increased levels of the endothelial 
cell-derived CD31-positive MPs in patients with psoriasis 
and, together with results from prior studies, our findings 
suggest that CD31-positive MPs, particularly endothelial cell- 
derived subsets, may be highly relevant in further charac- 
terizing the association between psoriasis and cardiometa- 
bolic disease. 

Platelet CD41/CD61 complex, also known as platelet 
glycoprotein (GP) llb/llla, or integrin allbp3, mediates platelet 
aggregation by serving as the receptor for fibrinogen and von 
Willebrand factor. In the setting of an acute coronary artery 
ischemic event, activated platelets produce CD41 positive 
platelet-derived MPs that bind to the endothelium, submatrix 
of the vascular wall, and leukocytes, and thereby facilitate 
thrombus propagation. The platelet-derived MPs can also 
inflict endothelial cell damage via induction of inflammation 
and impairment of endothelial-dependent vasodilation."^^ Our 
finding of elevated CD41a MP concentrations among patients 
with psoriasis supports the concept that the psoriatic state 
increases risk of cardiometabolic events via detrimental 
effects of MPs on endothelial function and enhanced plate- 
let-derived thrombosis. 

Collectively, the results of our study show that patients 
with psoriasis have systemic evidence of increased cell 
turnover and activation particularly of endothelial cells. 
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platelets, and monocytes/macrophages, providing further 
evidence that the inflammatory effects of psoriasis are more 
than just skin deep. The exact nature of the significance of 
these findings, however, remains unclear. While there is 
ample in vitro evidence of the potential downstream biological 
effects of MPs (eg, promotion of coagulation, vascular 
dysfunction, regulation of inflammation), ^^'^'^ many of which 
are known to be important in atherogenesis, in vivo data are 
few in patients with psoriasis at this juncture. 

There are several potential limitations of our study worth 
noting, namely its cross-sectional design and inability to 
determine directionality, single-center nature, and use of 
control subjects chosen from a different source population 
than the psoriasis patients. Furthermore, the study design did 
not allow for determination of an association between MP 
levels and psoriasis severity. A previous study did report a 
significant correlation between platelet-derived MP levels and 
psoriasis severity as measured by the Psoriasis Area and 
Severity Index (PASI),^^ and we suspect the absence of an 
association in our study is at least partially attributable to the 
fact that the majority of our psoriasis participants either had 
inherently mild disease or had history of severe disease on 
effective therapy. 

In conclusion, our findings support the concept that MPs 
may be pathogenic in psoriasis patients. However, future 
studies are needed to address whether MPs are simply 
biomarkers of inflammatory disease or have important in vivo 
biological activity that contributes to the development and 
progression of cardiometabolic disease in psoriasis. 
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